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        Abstract



        
          Background


          Dengue fever is a global concern, with half of the population at risk. Digital Health Interventions (DHIs) have been widely used in Dengue surveillance.

        


        
          Objective


          The objective of this review is to identify DHIs that have been used in Dengue surveillance.

        


        
          Methods


          A systematic literature search was performed on three primary databases: PubMed, Scopus, and Google Scholar. A total of 2637 studies, including duplicates, were found to be possibly pertinent to the study topic during the electronic search for the systematic literature review. After the screening of titles and abstracts, 51 studies remained eligible.

        


        
          Results


          The study analyzed 13 main categories of DHIs in Dengue surveillance, with Brazil, India, Sri Lanka, China, and Indonesia being the top five countries. Geographic Information System was the most used DHIs, followed by Machine Learning, Social Media, Mobile Applications, Google Trends, and Web Applications. DHIs were integrated, as evidenced by the deployment of many DHIs simultaneously in a single Dengue surveillance program.

        


        
          Conclusion


          Future research should concentrate on finding more efficient ways to combine all available data sources and approaches to improve data completeness and predictive model precision and identify Dengue outbreaks early.
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      1. INTRODUCTION


      Dengue fever is a tropical infectious illness caused by one of four Dengue virus serotypes (DENVs 1-4) and transmitted to humans by the bite of an infected mosquito [1]. The Aedes aegypti mosquito and, to a lesser extent, Aedes albopictus mosquito are the primary vectors of Dengue transmission and are found worldwide in tropical and subtropical climates, especially in urban and semi-urban areas. This disease has serious public health, social, and economic implications in many low and middle-income countries (LMICs) [2, 3].


      According to World Health Organization (WHO), the increase of people in the world being at risk due to urbanization and climate change whereby increased temperatures and rainfall patterns have extended the range of Aedes aegypti and albopictus to new regions globally where Dengue has not previously been endemic [4]. Dengue continues to be the arbovirus with the highest number of cases reported in the Region of the Americas, with outbreaks that occur cyclically every 3 to 5 years. 2023 is the year with the highest historical record of Dengue cases, exceeding 4.1 million new infections. This figure exceeded those of 2019, the year in which they registered more than 3.1 million cases, including 28,203 serious cases and 1,823 deaths [5]. Despite an estimated 100–400 million infections every year, more than 80% of them are generally mild and asymptomatic. Moreover, this infection can cause an acute flu-like illness. Sometimes this condition develops into a potentially lethal complication known as Dengue Shock Syndrome (DSS) [4, 6].


      Several strategies have been implemented to reduce Dengue fever mortality and morbidity following The Global Plan for Dengue Prevention and Control 2012-2020 WHO. Dengue mortality can be reduced by implementing early case identification and adequate treatment of severe cases, as well as reorienting health services to identify early cases and successfully manage Dengue epidemics, primary health-care worker training, and appropriate referral mechanisms. Dengue morbidity can be reduced by improving outbreak prediction and detection through coordinated epidemiological and entomological surveillance; supporting the concepts of integrated vector management, and implementing locally adapted vector control strategies, such as efficient management of home and urban water supplies. Behavior changes brought about by effective communication can support prevention programs [7].


      Surveillance, which provides the data required for risk assessment and program direction, is another element of Dengue prevention [8]. Surveillance is an essential component of any Dengue prevention and control program because it provides the data required for risk assessment, epidemic response, and program evaluation. Surveillance can make use of both passive and active data collection methods. Surveillance activities should ideally encompass monitoring human Dengue cases, laboratory-based surveillance, vector surveillance, and environmental risk factors for Dengue epidemics. The epidemiological picture of transmission risk is enhanced and expanded by surveillance using a wide range of data sources, depending on the circumstances under examination [9].


      The main goal of Dengue disease surveillance is to detect and predict epidemic activity [9]. DHF (Dengue Hemorrhagic Fever) surveillance is carried out manually, on paper, digitally, or electronically. Digital health, or the use of digital technology for health, has developed as an emerging practice sector for meeting health requirements through ordinary and creative forms of information and communication technology (ICT). The term digital health has evolved along with eHealth and other terms, which is described as “the use of information and communication technology to support health and health-related sectors” [10].


      In disease surveillance, digital health interventions (DHIs) have been widely implemented. As shown by the detection of polio and Ebola epidemics, digital surveillance can improve early detection and response to worldwide public health emergencies and should be viewed as an essential complement to existing official surveillance mechanisms [11]. Many studies have applied digital surveillance to detect and predict Dengue outbreaks such as Google Trends, internet search engines, social media platforms, online news, geographic information systems, and others [12–14].


      Moreover, in Dengue fever surveillance, many studies have been conducted on DHIs to support policymaking in the prevention and control of Dengue fever. Since each DHI has different objectives for its Dengue fever surveillance initiatives, more information is required. For instance, it takes a combination of several types of DHIs to support Dengue surveillance activities comprehensively from data collection to information dissemination for policy support, so this study offers fundamental knowledge for researchers in adopting and implementing appropriate DHIs in the future. The distribution and trend of DHIs implementation also indicate the level of attention that has been shown recently by scientists. To the best of our knowledge, no study systematically reviews this area. This study aims to fill that gap. Therefore, the first aim of this review is to identify digital health interventions that have been applied in Dengue surveillance to detect and predict outbreaks. The second aims to analyze data sources, study locations, and purposes of DHIs in Dengue surveillance.

    


    
      

      2. MATERIALS AND METHODS


      The scoping review was conducted based on Arksey and O’Malley’s scoping review framework [15]. The literature search was conducted from June to November 2022. This scoping review was not formally registered with the international systematic review database (PROSPERO). It was not required to register scoping reviews with PROSPERO at the time this text was written.


      We define digital health interventions refer to the use of Information and Communication Technology (ICT) to support Dengue surveillance programs. It encompasses a range of related concepts such as mobile applications, health informatics, desktop computer programs, websites, artificial intelligence, machine learning, data analytics, and others that support Dengue surveillance both online and offline.


      
        

        2.1. Eligibility Criteria


        The scoping review focused on studies that used information technology in Dengue surveillance to monitor, early detection, predict, and/or forecast Dengue outbreaks. The inclusion criteria included: (1) Dengue diagnosis based on the standard WHO definition; (2) Articles published between January 2017 and November 2022 in English to capture the latest and relevant studies because technology in DHIs rapidly transforms; (3) Studies focused on digital health interventions or implementation of health information technology for Dengue surveillance. The exclusion criteria were: (1) Studies without original data, such as reviews, editorials, guidelines, and perspectives articles; (2) Opinion papers, conference proceedings, book abstracts, study protocols, reflection articles, letters, and posters due to the limitation of the information; (3) Studies for which full-text was not available; (4) Studies exclusively on entomological (without any human data) in order to allocate resources effectively to human-related analyses and interventions.

      


      
        

        2.2. Search Strategy


        The search strategy was conducted through electronic databases (PubMed, Scopus, and Google Scholar). Three categories were created for search terms: 1) Surveillance; 2) Dengue; and 3) Information Technology are the first three. Despite the presence of this option in the search command, Medical Subject Headings (MeSH) were employed to ensure an accurate search. Each term was entered separately from the electronic database into the advanced search field, and then combinations were applied using the basic search structure “Surveillance” AND “Dengue” AND “Information Technology” (as appropriate) (Table 1).


        We imported references into Mendeley Reference Manager and removed duplicates. The selection procedure was divided into two stages. First, we screened titles and abstracts using the previously mentioned inclusion and exclusion criteria. Second, we examined the full text of the articles found in the first phase. Four reviewers worked independently on the screening and full-text review. Studies were selected once a consensus was reached.

      


      
        

        2.3. Data Collection Process


        The full-text selected papers' data was exported into Microsoft Excel®. We extracted the following details: title, author, abstract, purpose, intervention type, study design, main results publication year, setting/scenario, journal, and databases searched.

      


      
        

        2.4. Data Extraction


        A data extraction form was constructed using a Microsoft Excel® spreadsheet. Each text was reviewed after being classified using the extraction form. There was no formal assessment of the methodological quality of the included articles following the standards for conducting a scoping review; nonetheless, the quality of the papers was defined by the study designs that were eligible for inclusion.

      


      
        

        2.5. Data Synthesis


        The themes emerging from the data were analyzed and discussed with the research team. Given the variety of the literature, descriptive numerical and thematic analyses were offered as narrative summaries. We used Microsoft Excel® to create the bar chart, pie chart, word cloud chart, and map. A descriptive analysis was performed to specify information based on type, themes, the trend of DHIs research in Dengue surveillance, and location distribution studies. A word cloud was also produced to detect keywords that appeared often in the abstracts of the publications reviewed. To determine the most popular keywords in digital health interventions on Dengue surveillance, the abstracts of all articles were examined. The word cloud graph displays the top 100 words from the abstracts of the 51 articles that were chosen.


        
          Table 1 The search strategy.


          
            
              
                	Database Source

                	Search Terms
              

            

            
              
                	PubMed

                	(Surveillance[Title/Abstract] OR “epidemiological surveillance”[Title/Abstract] OR “Public Health Surveillance”[Title/Abstract] OR “Electronic Surveillance”[Title/Abstract] OR “Digital surveillance”[Title/Abstract] OR “Active Surveillance”[Title/Abstract] OR “Passive Surveillance”[Title/Abstract] OR Report*[Title/Abstract] OR “Sentinel Surveillance”[Title/Abstract])

                AND

                (Dengue[Title/Abstract] OR “Dengue Fever”[Title/Abstract] OR “Dengue Hemorrhagic Fever”[Title/Abstract])

                AND

                (Technology[Title/Abstract] OR Information[Title/Abstract] OR Informatics[Title/Abstract] OR Digital [Title/Abstract OR Data[Title/Abstract] OR “Information System”[Title/Abstract] OR “Information Management”[Title/Abstract] OR “Health Information”[Title/Abstract] OR “Health Informatics”[Title/Abstract] OR “Public Health Informatics” [Title/Abstract] OR “Health Information Technology”[Title/Abstract] OR “Health Information System”[Title/Abstract] OR “Health Information Management”[Title/Abstract] OR “Electronic Health Record”[Title/Abstract] OR “Electronic Medical Record”[Title/Abstract] OR “Personal Health Record”[Title/Abstract] OR “Mobile Health”[Title/Abstract] OR “m-health”[Title/Abstract] OR “e-health”[Title/Abstract] OR “Health Record”[Title/Abstract] OR “Medical Record”[Title/Abstract] OR “Digital”[Title/Abstract] OR “Medical Informatics”[Title/Abstract] OR “Internet”[Title/Abstract] OR “Medical Informatics Application”[Title/Abstract] OR Software[Title/Abstract] OR “Machine learning”[Title/Abstract] OR “Artificial intelligent”[Title/Abstract])
              


              
                	Scopus

                	TITLE-ABS-KEY((Surveillance OR “epidemiological surveillance” OR “Public Health Surveillance” OR “Electronic Surveillance” OR “Digital surveillance” OR “Active Surveillance” OR “Passive Surveillance” OR Report* OR “Sentinel Surveillance”)

                AND

                (Dengue OR “Dengue Fever” OR “Dengue Hemorrhagic Fever”)

                AND

                (Technology OR Information OR Informatics OR Digital OR Data OR “Information System” OR “Information Management” OR “Health Information” OR “Health Informatics” OR “Public Health Informatics” OR “Health Information Technology” OR “Health Information System” OR “Health Information Management” OR “Electronic Health Record” OR “Electronic Medical Record” OR “Personal Health Record” OR “Mobile Health” OR “m-health” OR “e-health” OR “Health Record” OR “Medical Record” OR “Digital” OR “Medical Informatics” OR “Internet” OR “Medical Informatics Application” OR Software OR “Machine learning” OR “Artificial intelligent”))
              


              
                	Google Scholar

                	Surveillance AND Dengue AND (Technology OR Electronic OR Digital OR Informatics OR Information OR m-health OR e-health OR “Health Record” OR “Medical Record” OR application OR software OR “medical informatics”)
              

            
          


        


        [image: ]
Fig. (1)

        Prisma flow diagram.
      

    


    
      

      3. RESULTS AND DISCUSSION


      A total of 2637 studies, including duplicates, were identified during the electronic search as potentially relevant to the research question. Following the screening of titles and abstracts, 51 research were found to be eligible (Fig. 1). The main reason for excluding articles was that they were not focused on digital health Dengue surveillance, entomological studies, review articles, conference proceedings, or genetic/molecular studies.


      
        

        3.1. Characteristic Studies by Trends, Theme, and Categories


        Based on the publications reviewed, studies related to DHIs in Dengue surveillance are published every year and they tend to fluctuate (Fig. 2a, b). This can be a sign that the increase in the need for dengue surveillance is related to the burden of disease which also has an impact on the number of studies related to DHIs. The implication is that alternate data sources for Dengue surveillance can be found on digital platforms like social media and big data on the internet. Through an integrated digital surveillance program, policies for Dengue control and prevention can be decided to be carried out precisely and speedily [16].


        The most discussed DHIs in Dengue Surveillance were Dengue, disease, data, health, system, cases, surveillance, information, application, and outbreak (Fig. 2a). Dengue is the subject of discussion in each article used, therefore it has the utmost intensity. The word cloud graph includes some words that are strongly related to digital health, including data, information, application, mobile, spatial or GIS (Geographic Information System), tweets, Google Dengue Trends, and machine learning. This demonstrates how data and information are crucial to digital health in Dengue surveillance because the delivery of health services could be enhanced by improved data.


        The data analyzed must comply with the rules and cannot be arbitrary in surveillance activities. The three fundamental components of high-quality data in public health surveillance are completeness, accuracy, and timeliness. Data are complete when all cases are included (no cases are missed) and all data variables for cases are entered. When the information entered is correct, the data is accurate. Data are timely when they are available and delivered when required [17]. In practice, data-driven surveillance support depends on having access to the right data, using the proper methods, and making the outputs accessible and understandable to the right stakeholders [18].


        Another theme found in this review and related to DHIs is spatial or GIS (Geographic Information System). It is undeniable that this topic has long been used for disease mapping since it was first applied by John Snow, in 1854 [19, 20]. GIS allows researchers to relate health, environmental, and population data, thereby being able to evaluate and quantify the relationship between health-related variables and environmental risk factors. Additionally, GIS helps anticipate outbreaks, including early Dengue incidence site identification and future risk estimations [21, 22]. However, the application of GIS technology still faces several obstacles, such as limited access to GIS infrastructure, lack of technical and analytical expertise, and inconsistent data availability. International cooperation is possible to overcome these obstacles through knowledge exchange and governance [21].


        [image: ]
Fig. (2)

        (a) Word cloud about digital health interventions.

        (b) Trend of the studies.

        Other topics, such as Google Trends, internet search engines, and Twitter were also found in this research. All of these can be used as important tools for dengue surveillance. Google Trends and internet search engines provide search query data related to dengue. This data is then extracted for dengue surveillance purposes. Meanwhile, Twitter data is based on tweet data that includes topics or keywords related to dengue, and is then analyzed according to dengue surveillance objectives [23–26]. However, there is a need to incorporate untapped possibilities for digital surveillance, and present applications can be scaled up through better integration, validation, and regulatory clarification about ethical considerations. Therefore, a hybrid system that collects data from conventional surveillance with data from search queries, social media posts, and crowdsourcing can improve the quality of Dengue surveillance activities [14, 27].


        This study also uncovered other themes such as applications and mobile. Mobile phone technology has been applied to improve arbovirus management, prevention, diagnosis, and surveillance over the past ten years [28]. Mobile applications for Dengue surveillance have great promise for detection, reporting, and mapping Dengue fever cases, changing attitudes about Dengue fever by increasing knowledge and changing perceptions of the disease, and disseminating and sharing information about DHF among the general public and healthcare professionals [29, 30].


        Another interesting topic shown on the word cloud is related to the objectives of DHIs in Dengue surveillance (Fig. 2a). The terms “detection,” “prediction,” “forecast,” “monitoring,” “model,” and “reported” are among those that show up. This indicates that the use of DHIs in Dengue monitoring goes beyond just reporting tools and focuses on additional analysis to develop a model that can predict Dengue outbreaks. The term “machine learning,” which is closely related to prediction modelling, also supports this.

      


      
        

        3.2. Digital Health Intervention Categories


        This study found DHIs categories as shown in Fig. (3a), GIS dominates the use of digital health in Dengue surveillance, (30%) followed by Machine Learning (13%), Social Media (11%), Mobile Applications (10%), and Google Trends (9%) and Web Application (9%). The interesting thing is that several types of DHIs are used simultaneously to support one Dengue surveillance activity, thus indicating the application of the integrated concept. For example, research on VazaDengue: An information system for preventing and combating mosquito-borne diseases with social networks [31]. This study uses at least 4 DHI categories, namely Web applications, Mobile applications, Geographic Information Systems, and Social media.


        [image: ]
Fig. (3)

        (a) Percentage of digital health categories and trends.

        (b) Trends of DHIs on dengue surveillance.

        [image: ]
Fig. (4)

        Geographic distribution of studies.

        Technological advances such as DHIs in dengue surveillance have enabled many countries to integrate surveillance data globally. However, international institutions such as the World Health Organization (WHO) must set standards related to policies or regulations, resources, and processes to integrate surveillance data globally. By integrating surveillance data for dengue, including clinical, entomological, microbiological/ serological, epidemiological, meteorological, and environmental information, we can gain a holistic understanding of the dengue situation and effectively predict and respond to epidemics [32–36].


        This study found 13 different DHIs categories in Dengue surveillance with annual trends (Fig. 3b). GIS is consistently used in Dengue fever surveillance every year. However, there is an interesting thing, namely machine learning that has begun to appear in the last 2 years in Dengue surveillance. This possibility is related to the desire of researchers to predict Dengue incidences. With the use of ICT and other technologies, machine learning is becoming a crucial approach in the field of digital health [37, 38].

      


      
        

        3.3. Geographical Distribution of Digital Health in Dengue Surveillance Studies


        Fig. (4) displays the distribution of the article sites that were chosen for a study concerning the use of digital health in Dengue surveillance around the globe. According to the papers analyzed, Brazil (10 articles), India (8 articles), Sri Lanka (6 articles), China (4 articles), and Indonesia (4 articles) are the top 5 countries for using DHIs in Dengue surveillance. The articles are spread out throughout tropical nations, as seen on the map (Fig. 4). We found that a high number of publications in these countries correlated with a high Dengue prevalence. For example, in Brazil [39, 40], India [41], Sri Lanka [42, 43], China [44, 45], and Indonesia [43] which are also known as Dengue endemic countries.


        Additionally, if we look deeper into the DHIs utilized in the top 5 countries, we find that they differ substantially. According to this study, social media (Twitter) is more dominantly discussed (5 articles) in Brazil, while GIS is more dominantly discussed in India (5 articles). Sri Lanka also discusses GIS (2 articles) and Mobile Apps (2 articles). Machine learning (3 articles) and internet search engines (3 articles) dominate in China. Lastly, there is no dominant force in Indonesia; each article discusses GIS, mobile apps, machine learning, and social media (Twitter).

      


      
        

        3.4. The Purpose of DHIs in Surveillance Dengue


        The purpose of the DHIs in these articles varies greatly depending on the type of DHIs, such as to identify risk areas, predict Dengue cases, develop an early warning model, assist in disease monitoring and surveillance, track Dengue case numbers, and others. Forecasting or predicting the incidence of Dengue is the objective that is most frequently discussed. However, there is an interesting research objective that is not widely discussed, namely the use of Twitter data to measure transmission based on human behaviors and movement. An algorithm is created to generate a dynamic mobility-weighted incidence index using geolocated data from Twitter (MI). According to this study, the MI index can improve timely decision-making within the public health system and is useful and significant for Dengue surveillance and early warning systems [46].


        This review found various research designs mentioned in these review articles such as spatial analysis, cross-sectional studies, mixed method studies, design and development studies, big data analytics, data analytics, and ecological studies. The research design that is most widely used in researching DHIs in Dengue surveillance is the spatial analysis and this relates to GIS as the most discussed DHIs category in the previous paragraph. Furthermore, the most frequently used data sources, both conventional and digital, are surveillance data, climate data, internet big data, social media data, sociodemographic data, and remote sensing image data. More detailed information can be seen in Table 2.


        
          Table 2 Digital health purposes in dengue surveillance.


          
            
              
                	No.

                	Study/Refs.

                	Digital Health Interventions

                	Data Sources

                	Types of Studies

                	Purposes
              

            

            
              
                	1

                	Ashby et al. 2017 [47]

                	Geographic Information System

                	Surveillance data, population data, remote sensing data

                	Spatial analysis

                	To identify risk areas of Dengue fever
              


              
                	2

                	Guo et al. 2017 [48]

                	Internet Search Engines, Machine learning

                	Surveillance data, meteorological data, demographic data

                	Data Analytics

                	To develop an accurate Dengue prediction model
              


              
                	3

                	Li et al. 2017 [49]

                	Internet Search Engine

                	Baidu website, surveillance data, meteorological data, demographic data

                	Data Analytics

                	To develop an early warning model by integrating query data from the internet into traditional surveillance data
              


              
                	4

                	Lwin et al. 2017 [50]

                	Mobile applications

                	Real-time data from the mobile app

                	Development study

                	To digitize form completion and collect site visit information, real-time surveillance of Dengue outbreaks, infographics, and education
              


              
                	5

                	Marques-Toledo et al. 2017 [51]

                	Social media

                	Surveillance data, Twitter data, sociodemographic data, big data Google, Wikipedia data

                	Data Analytics

                	To evaluate and demonstrate the utility of tweet modelling in Dengue estimate and forecasting
              


              
                	6

                	Sirisena et al. 2017 [22]

                	Geographic Information System

                	Meteorological data, surveillance data

                	Spatial analysis

                	To map and evaluate the spatial and temporal distribution of Dengue in Sri Lanka from 2009 to 2014, and to investigate the relationship between climatic factors and Dengue incidence
              


              
                	7

                	Strauss et al. 2017 [24]

                	Google Trends

                	Big data Google, Surveillance data

                	Analysis trend/ time series

                	To compare the accuracy of GDT with traditional surveillance systems in Venezuela
              


              
                	8

                	Valson et al. 2017 [52]

                	Geographic Information System

                	Meteorological data

                	Spatial analysis

                	To analyze the spatiotemporal clustering of Dengue cases and their climatic and physiological environmental correlations
              


              
                	9

                	Yang et al. 2017 [53]

                	Google Trends

                	Big data Google

                	Data Analytics

                	To generate near-real-time Dengue case estimations in five countries/states: Mexico, Brazil, Thailand, Singapore, and Taiwan
              


              
                	10

                	Manogaran et al. 2018 [54]

                	Big data, Geographic Information Systems

                	Meteorological data

                	Data Analytics

                	To propose a big data-based surveillance system that analyses spatial climate big data and performs continuous monitoring of the correlation between climate change and Dengue
              


              
                	11

                	Ho et al. 2018 [55]

                	Google Trends

                	Big data Google, Surveillance Data

                	Data Analytics

                	To evaluate the health-seeking behavior based on Dengue-related search queries and to assess the temporal association between weekly GDT and Dengue occurrence
              


              
                	12

                	Hussain-Alkhateeb et al. 2018 [56]

                	Web applications

                	Meteorological, epidemiological, and entomological indicator

                	Development study

                	To detect potential Dengue epidemics and initiate early response activities
              


              
                	13

                	Rizwan et al. 2018 [57]

                	Web applications, Geographic Information Systems

                	Surveillance data

                	Design and development study

                	To assist in disease monitoring and surveillance
              


              
                	14

                	Sousa et al. 2018 [31]

                	Web applications, Mobile applications, Geographic Information Systems, Social media

                	Twitter database

                	Design and development study

                	To assist in Dengue monitoring and surveillance
              


              
                	15

                	Villanes et al. 2018 [58]

                	Text mining

                	Online news

                	Text mining

                	To describe, analyze and predict Dengue cases
              


              
                	16

                	Babu et al. 2019 [59]

                	Mobile applications, Geographic Information Systems

                	Surveillance data

                	Development study

                	To upload surveillance data, collect key environmental parameter data, collect relevant information from the community, and generate dynamic risk maps.
              


              
                	17

                	Jain et al. 2019 [60]

                	Machine learning, Geographic Information System

                	Meteorological data, clinical data, socioeconomic data, and the data encoding spatial

                	Big Data Analysis

                	To forecast the occurrence of Dengue fever within a geographical area
              


              
                	18

                	Lwin et al. 2019 [61]

                	Mobile applications

                	Surveillance data

                	Design and development study

                	To increase the flow of information and improve Dengue surveillance, with the ultimate goal of reducing disease spread
              


              
                	19

                	Ocampo et al. 2019 [62]

                	Mobile applications, Geographic Information Systems, Web Based Application

                	Surveillance data

                	Design and development study

                	To facilitate the capture and analysis of epidemiological information, mapping, visualization in graphical reports, real-time monitoring, and risk stratification.
              


              
                	20

                	Zhang et al. 2019 [63]

                	Text mining

                	Online news

                	Big Data Analysis

                	To track Dengue case numbers and provide near real-time reporting on outbreak development
              


              
                	21

                	Guo et al. 2019 [64]

                	Internet Search Engines, Geographic Information Systems, Machine Learning, Social media

                	Surveillance data, social media data, climate data,

                	Development study

                	To develop an ensemble penalized regression algorithm (EPRA) to begin near-real-time predictions of the Dengue epidemic trajectory
              


              
                	22

                	Ledien et al. 2019 [65]

                	Desktop application

                	Surveillance data

                	Development study

                	To identify appropriate tools for improving the early warning system and preparation
              


              
                	23

                	Mizzi 2019 [66]

                	Google trends, social media

                	Online data

                	Data Analytics

                	To forecast Dengue incidence
              


              
                	24

                	Ramadona et al. 2019 [46]

                	Social media

                	Online data

                	Development study

                	To design an algorithm to estimate a dynamic mobility-weighted incidence index (MI), which assesses the level of exposure to virus importation in any particular area, to quantify the Dengue virus importation pressure in each study neighborhood monthly
              


              
                	25

                	Rangarajan et al. 2019 [67]

                	Electronic Medical Records, Google Trends

                	Medical Records of Patient, online data

                	Data Analytics

                	To forecast Dengue incidence
              


              
                	26

                	Souza et al. 2019 [68]

                	Social media, Geographic Information Systems

                	Online data

                	Data Analytics

                	To create two probability models to characterize high-risk areas
              


              
                	27

                	Damayanti et al. 2020 [69]

                	Machine learning

                	Surveillance data

                	Big Data Analysis

                	To predict the occurrence of Dengue
              


              
                	28

                	Faridah et al. 2020 [70]

                	Web applications

                	Surveillance data

                	Evaluation study

                	To provide surveillance data, visualize, report, and support decision making
              


              
                	29

                	Herbuela et al. 2020 [29]

                	Mobile application, Geographic Information System

                	Real-time data from the mHealth app

                	Design and development study

                	o enhance awareness, improve knowledge, and change attitudes about Dengue fever, health-seeking behavior, and intent-to-change behavior on Dengue fever prevention among users
              


              
                	30

                	Somboonsak 2020 [71]

                	Mobile application, Geographic Information System

                	Patient data from the Bureau of vector-borne diseases

                	Development study

                	To create predictions and alert people via smartphone
              


              
                	31

                	Amin et al. 2020 [72]

                	Machine learning, social media

                	Social media data

                	Data Analytics

                	To predict and monitor the epidemic outbreak
              


              
                	32

                	Khalique et al. 2020 [73]

                	Geographic Information System, data mining

                	Surveillance data

                	Data Analytics

                	To detect significant hotspots over a region to implement sentinel surveillance
              


              
                	33

                	Faridah et al. 2021 [74]

                	Geographic Information System

                	Surveillance data

                	Spatial analysis

                	To offer strategic information for the Dengue management program, to predict potential Dengue outbreaks, to improve information needed for effective planning, and to investigate the demographic pattern of Dengue cases
              


              
                	34

                	Gulley et al. 2021 [75]

                	Electronic Medical Record

                	Medical Record of Patient

                	Data Analytics

                	To assess temporal and demographic factors
              


              
                	35

                	Herbuela et al. 2021 [76]

                	Mobile applications

                	Respondent

                	Cross-sectional mixed method study

                	To provide early detection of disease outbreaks
              


              
                	36

                	Parikh et al. 2021 [77]

                	Web-based, Geographic Information System, Machine Learning

                	Database: WHO, PAHO, World Bank, and Gideon

                	Design and development study

                	To detect the infectious disease re-emergence (Dengue)
              


              
                	37

                	Provenzano et al. 2021 [78]

                	Wikipedia Trends

                	Data from Wikipedia

                	Cross-sectional study

                	To assess the temporal relationship between Wikitrends and traditional surveillance data
              


              
                	38

                	Ramesh et al. 2021 [79]

                	Geographic Information System

                	Surveillance data

                	Cross-sectional study

                	To investigate the correlation between Dengue cases and vector indices
              


              
                	39

                	Ranwala et al. 2021 [80]

                	Web applications

                	Surveillance data

                	Development study

                	To provide an early warning and response system for Dengue, as well as to supplement existing surveillance
              


              
                	40

                	Tasnim et al. 2021 [81]

                	Data Mining, Machine Learning

                	Online news

                	Data analytics/ Data mining

                	To uncover useful information and create a Dengue news surveillance system
              


              
                	41

                	Withanage et al. 2021 [82]

                	Geographic Information System

                	Data from Survey

                	Cross-sectional study

                	To detect risk hotspots of Dengue
              


              
                	42

                	Lin 2022 [83]

                	Geographic Information System

                	Surveillance data

                	Spatial analysis

                	To identify the cluster and explore different routes of epidemic propagation
              


              
                	43

                	Al-Nefaie et al. 2022 [84]

                	Geographic Information System

                	Surveillance data

                	Cross-sectional study

                	To investigate the geographic patterns of Dengue cases to see if there is a correlation between the following environmental factors and Dengue fever
              


              
                	44

                	Baak-Baak et al. 2022 [85]

                	Machine learning

                	Surveillance data

                	Data Analytics

                	To conduct a spatial and temporal analysis of Dengue cases and deaths in Mexico
              


              
                	45

                	Carabali et al. 2022 [86]

                	Geographic Information System

                	Surveillance data

                	Spatial analysis

                	To quantify the contribution of the area- and observed case-specific variables while simultaneously analyzing the geographical distribution
              


              
                	46

                	Chang et al. 2022 [87]

                	Machine learning

                	Email Database

                	Data Analytics

                	To improve the efficiency of monitoring the epidemic situation in Southeast Asia
              


              
                	47

                	Harsha et al. 2022 [88]

                	Geographic Information System

                	Surveillance data, census data, satellite image data

                	Spatial analysis

                	To identify the Dengue risk areas
              


              
                	48

                	Koplewitz et al. 2022 [89]

                	Google trends, machine learning

                	Epidemiological data, weather data, and big data Google

                	Big Data Analytics

                	To estimate Dengue incidence
              


              
                	49

                	Masrani et al. 2022 [90]

                	Geographic Information System

                	Surveillance data

                	Spatial analysis

                	To examine changes in Dengue case trends and spatial patterns
              


              
                	50

                	Roster et al. 2022 [91]

                	Machine learning

                	Surveillance data

                	Data Analytics

                	To create a model for forecasting monthly Dengue cases in Brazilian cities one month in advance
              


              
                	51

                	Santana et al. 2022 [92]

                	Geographic Information System

                	Surveillance data

                	Ecological Study

                	To explore the spatiotemporal dynamics of Dengue-related mortality and to identify potentially linked factors.
              

            
          


        


        Based on the objectives of these DHIs for Dengue surveillance system, they are very relevant from the ONE Health perspective, especially for effective dengue prevention and control strategies. The ONE Health perspective recognizes the interconnectedness between human, animal, and environmental health. By integrating a surveillance system into the dengue intervention strategy, information on clinical cases, vector presence, and environmental conditions can be effectively monitored and analyzed to detect and respond to outbreaks in a timely manner. This integrated approach would involve linking clinical care, vector and virus surveillance, and environmental surveillance. This integration would also involve engaging community members and stakeholders from sectors not typically involved in disease control. By integrating surveillance systems into the dengue intervention strategy, we can improve the ability to detect and monitor the spatial and temporal distribution of dengue cases, identify high-risk areas for intervention, and establish alert thresholds for outbreaks [93–95].

      


      
        

        3.5. Future Digital Health Interventions on Dengue Surveillance


        This study provides several recommendations for future DHI research on Dengue surveillance, specifically regarding topics, objectives, and methodologies. First, we advise that studies on machine learning, big data, data mining, and other fields focus on predicting or forecasting upcoming Dengue outbreaks using a spatiotemporal approach. With a spatiotemporal approach, we will know when and where there is an increase in Dengue cases (outbreaks). This is closely related to the condition of predictors of Dengue events, which always change dynamically, such as environmental conditions, climate, mosquitoes (agents), humans (host), and others. The second point is related to the implementation method, our recommendation is to combine and integrate surveillance data sourced between conventional surveillance and digital surveillance so the accuracy can be relied upon. Finally, researchers can use data available on digital platforms for Dengue surveillance purposes.


        Furthermore, we recommend researchers who will conduct research or develop DHIs for Dengue surveillance to leverage vaccination data as a data source. The utilization of vaccination data is an essential dimension of surveillance for Dengue, especially in areas where Dengue vaccines have been introduced. However, based on the studies we reviewed, no articles were found that used vaccine data as a source of DHIs data.

      

    


    
      

      4. LIMITATIONS


      This review has certain limitations. First, because of the wide scope of this study, the knowledge gap in DHIs on Dengue surveillance is also not very detailed, i.e., there are no specific categories of DHIs. Future study reviews may focus on a narrower scope to identify gaps at a deeper level; for example, the review may simply focus on the topic of machine learning and identify knowledge gaps on this topic. Second, neither the risk of bias nor the quality of the research reviewed were evaluated. So, the topic or theme may have been studied before but we don't have the quality of the study. Therefore, if you wish to research the same topic or theme, we recommend studying past studies carefully and designing their studies on top of previous studies, taking also into account the risk of bias and the quality of previous studies. Finally, this research can be used as a reference in researching and developing DHIs for Dengue surveillance according to the aims and needs of researchers.

    


    
      

      CONCLUSION


      This review has demonstrated the use of DHIs across tropical countries and the top 5 countries were Brazil, India, Sri Lanka, China, and Indonesia. There were 13 different categories of digital health and GIS dominates the use of digital health in Dengue surveillance followed by Machine Learning, Social Media, Mobile Applications, Google Trends, and Web Applications. A single Dengue surveillance program uses various DHIs simultaneously, indicating that the use of digital health was integrated. Future digital health on Dengue surveillance should explore the synergies across various combinations due to the significant emphasis on integrated health systems and interoperability to decide which packages of digital health are the most effective and efficient. Recommendations for future research should focus on how to leverage vaccination data and integrate all available data sources and methodologies to increase data completeness and predictive model accuracy so that Dengue outbreaks can be detected earlier.

    

  


  
    
      AUTHORS’ CONTRIBUTION


      Conceptualization: All authors ; Data curation: M.F.S., D.D.N. ; Formal analysis: M.F.S. ; Methodology: All authors ; Visualization: M.F.S. ; Writing–original draft: M.F.S. ; Writing–review & editing: all authors.

    


    
      LIST OF ABBREVIATIONS


      
        
          
            	

            	
          


          
            	LMICs

            	= Low And Middle-income Countries
          


          
            	WHO

            	= World Health Organization
          


          
            	DSS

            	= Dengue Shock Syndrome
          

        
      

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      STANDARDS OF REPORTING


      PRISMA guidelines and methodology were followed.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      The data and supportive information are available within the article.

    


    
      FUNDING


      None.

    


    
      CONFLICT OF INTEREST


      The authors have no conflict of interest to declare.

    


    ACKNOWLEDGEMENTS


    Declared none.


    
      SUPPLEMENTARY MATERIAL


      PRISMA checklist is available as supplementary material on the publisher’s website along with the published article.


      Supplementary material is available on the publisher’s website along with the published article.


      

      
        Download File
      


      

    


    REFERENCES


    
      
        
          	

          	
        


        
          	[1]

          	Khetarpal N., Khanna I.. Dengue fever: Causes, complications, and vaccine strategies., J. Immunol. Res.. 2016; 2016: 1-14.

          [CrossRef] [PubMed]
        


        
          	[2]

          	Katzelnick L.C., Coloma J., Harris E.. Dengue: knowledge gaps, unmet needs, and research priorities., Lancet Infect. Dis.. 2017; 17(3): e88-e100.

          [CrossRef] [PubMed]
        


        
          	[3]

          	Kularatne S.A., Dalugama C.. Dengue infection: Global importance, immunopathology and management., Clin. Med.. 2022; 22(1): 9-13.

          [CrossRef] [PubMed]
        


        
          	[4]

          	World Health Organization. Dengue and Severe Dengue.. Available from: https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue (Accessed Aug. 09, 2022).
        


        
          	[5]

          	World Health Organization. Dengue - Global situation.. Available from: https://www.who.int/emergencies/disease-outbreak-news/item/2023-DON437 (Accessed Dec 28, 2023).
        


        
          	[6]

          	Wang W.-H., et al. Dengue hemorrhagic fever e A systemic literature review of current perspectives on pathogenesis, prevention and control., J Microbiol Immunol Infect. 2020; 53(6): 963-978.

          [CrossRef]
        


        
          	[7]

          	World health organization, global strategy for dengue prevention and control 2012–2020. world health organization., 2012Available from:http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Global+strategy+for+dengue+prevention+and+control#8
        


        
          	[8]

          	Roy S.K., Bhattacharjee S.. Dengue virus: Epidemiology, biology, and disease aetiology., Can. J. Microbiol.. 2021; 67(10): 687-702.

          [CrossRef] [PubMed]
        


        
          	[9]

          	Diagnosis G.F.O.R.. Dengue; Guidelines for Diagnosis, Treatment, Prevention and Control.. 2009Available from: www.who.int/tdr
        


        
          	[10]

          	World health organization and others, who guideline: Recommendations on digital interventions for health system strengthening. geneva., 2019Available from: https://apps.who.int/iris/bitstream/handle/10665/311941/9789241550505-eng.pdf (Accessed: Jul. 20 2022).
        


        
          	[11]

          	Anema A., Kluberg S., Wilson K., Hogg R.S., Khan K., Hay S.I., Tatem A.J., Brownstein J.S.. Digital surveillance for enhanced detection and response to outbreaks., Lancet Infect. Dis.. 2014; 14(11): 1035-1037.

          [CrossRef] [PubMed]
        


        
          	[12]

          	Duncombe J., Hu W., Clements A., Ritchie S., Weinstein P., Espino F.E.. Geographical information systems for dengue surveillance., Am. J. Trop. Med. Hyg.. 2012; 86(5): 753-755.

          [CrossRef] [PubMed]
        


        
          	[13]

          	Zhang Y., Ibaraki M., Schwartz F.W.. Disease surveillance using online news: Dengue and zika in tropical countries., J. Biomed. Inform.. 2020; 102: 103374.

          [CrossRef] [PubMed]
        


        
          	[14]

          	Sylvestre E., Joachim C., Cécilia-Joseph E., Bouzillé G., Campillo-Gimenez B., Cuggia M., Cabié A.. Data-driven methods for dengue prediction and surveillance using real-world and Big Data: A systematic review., PLoS Negl. Trop. Dis.. 2022; 16(1): e0010056.

          [CrossRef] [PubMed]
        


        
          	[15]

          	Westphaln K.K., Regoeczi W., Masotya M., Vazquez-Westphaln B., Lounsbury K., McDavid L., Lee H., Johnson J., Ronis S.D.. From arksey and o’malley and beyond: Customizations to enhance a team-based, mixed approach to scoping review methodology., MethodsX. 2021; 8: 101375.

          [CrossRef] [PubMed]
        


        
          	[16]

          	Purnama S., Susanna D., Achmadi U.F., Krianto T., Eryando T.. Potential development of digital environmental surveillance system in dengue control: A qualitative study., Open Access Maced. J. Med. Sci.. 2021; 9(E): 1443-1453.

          [CrossRef]
        


        
          	[17]

          	CDC. 7.5 Key Characteristics of Data Quality in Public Health Surveillance... [CrossRef] Available from : https://www.google.com/search?client=firefox-b-d&q=10.4103%2Fijri.IJRI_536_20 (Accessed: Jan. 12, 2023).
        


        
          	[18]

          	Dórea F. C., Revie C. W.. Corrigendum: Data-driven surveillance: Effective collection Integration, and Interpretation of Data to Support Decision Making., Front Vet Sci.. 2021; 8: 225.

          [CrossRef]
        


        
          	[19]

          	Snow J.. On the mode of communication of cholera., Edinb Med J.. 1856; 1: 668-670.

        


        
          	[20]

          	Esri. Map a historic cholera outbreak.. Available from: https://learn.arcgis.com/en/projects/map-a-historic-cholera-outbreak/ (Accessed: Feb 01 2023).
        


        
          	[21]

          	Fletcher-Lartey S.M., Caprarelli G.. Application of GIS technology in public health: Successes and challenges., Parasitology. 2016; 143(4): 401-415.

          [CrossRef] [PubMed]
        


        
          	[22]

          	Sirisena P.D.N.N., Noordeen F., Kurukulasuriya H., Romesh T.A.L.A.R., Fernando L.. Effect of climatic factors and population density on the distribution of dengue in Sri Lanka: A GIS based evaluation for prediction of outbreaks., PLoS One. 2017; 12(1): e0166806.

          [CrossRef] [PubMed]
        


        
          	[23]

          	Husnayain A., Fuad A., Lazuardi L.. Correlation between google trends on dengue fever and national surveillance report in indonesia., Glob. Health Action. 2019; 12(1): 1552652.

          [CrossRef] [PubMed]
        


        
          	[24]

          	Strauss R.A., Castro J.S., Reintjes R., Torres J.R.. Google dengue trends: An indicator of epidemic behavior. The Venezuelan Case., Int. J. Med. Inform.. 2017; 104: 26-30.

          [CrossRef] [PubMed]
        


        
          	[25]

          	Jordan S. E., Hovet S. E., Fung I. C. H., Liang H., Fu K. W., Tse Z. T. H.. Using twitter for public health surveillance from monitoring and prediction to public response., Data. Multidisciplinary Digital Publishing Institute; 2019: 6.

          [CrossRef]
        


        
          	[26]

          	Gluskin R.T., Johansson M.A., Santillana M., Brownstein J.S.. Evaluation of internet-based dengue query data: Google dengue trends., PLoS Negl. Trop. Dis.. 2014; 8(2): e2713.

          [CrossRef] [PubMed]
        


        
          	[27]

          	Aiello A.E., Renson A., Zivich P.N.. Social media- and internet-based disease surveillance for public health., Annu. Rev. Public Health. 2020; 41(1): 101-118.

          [CrossRef] [PubMed]
        


        
          	[28]

          	Carrillo M.A., Kroeger A., Cardenas Sanchez R., Diaz Monsalve S., Runge-Ranzinger S.. The use of mobile phones for the prevention and control of arboviral diseases: A scoping review., BMC Public Health. 2021; 110[CrossRef]
        


        
          	[29]

          	Herbuela V.R.D.M., Karita T., Francisco M.E., Watanabe K.. An integrated mhealth app for dengue reporting and mapping, health communication, and behavior modification: Development and assessment of mozzify., JMIR Form. Res.. 2020; 4(1): e16424.

          [CrossRef] [PubMed]
        


        
          	[30]

          	Rodríguez S., Sanz A.M., Llano G., Navarro A., Parra-Lara L.G., Krystosik A.R., Rosso F.. Acceptability and usability of a mobile application for management and surveillance of vector-borne diseases in Colombia: An implementation study., PLoS One. 2020; 15(5): e0233269.

          [CrossRef] [PubMed]
        


        
          	[31]

          	Sousa L., de Mello R., Cedrim D., Garcia A., Missier P., Uchôa A., Oliveira A., Romanovsky A.. VazaDengue: An information system for preventing and combating mosquito-borne diseases with social networks., Inf. Syst.. 2018; 75: 26-42.

          [CrossRef]
        


        
          	[32]

          	Ramírez A. L., Van Den Hurk A. F., Meyer D. B., Ritchie S. A.. Searching for the proverbial needle in a haystack: Advances in mosquito-borne arbovirus surveillance., Parasites & Vectors. 2018; 11: 1-12.

          [CrossRef]
        


        
          	[33]

          	McKerr C., Lo Y.C., Edeghere O., Bracebridge S.. Evaluation of the national notifiable diseases surveillance system for dengue fever in taiwan, 2010-2012., PLoS Negl. Trop. Dis.. 2015; 9(3): e0003639.

          [CrossRef] [PubMed]
        


        
          	[34]

          	World Health Organization. Global strategy on digital health 2020-2025.. 2021Available from: http://apps.who.int/bookorders (Accessed: Dec. 30, 2023).
        


        
          	[35]

          	Ruberto I., Marques E., Burke D.S., Van Panhuis W.G.. The availability and consistency of dengue surveillance data provided online by the world health organization., PLoS Negl. Trop. Dis.. 2015; 9(4): e0003511.

          [CrossRef] [PubMed]
        


        
          	[36]

          	Ho T.S., Weng T.C., Wang J.D., Han H.C., Cheng H.C., Yang C.C., Yu C.H., Liu Y.J., Hu C.H., Huang C.Y., Chen M.H., King C.C., Oyang Y.J., Liu C.C.. Comparing machine learning with case-control models to identify confirmed dengue cases., PLoS Negl. Trop. Dis.. 2020; 14(11): e0008843.

          [CrossRef] [PubMed]
        


        
          	[37]

          	Fatehi F., Samadbeik M., Kazemi A.. What is digital health? review of definitions., Stud. Health Technol. Inform.. 2020; 275: 67-71.

          [CrossRef] [PubMed]
        


        
          	[38]

          	Rowlands D.. What is digital health? and why does it matter? White paper., 2020Available from: www.dhwacademy.com
        


        
          	[39]

          	Luna E.J.A., Figueiredo G.M., Levi J.E., Campos S.R.S.L.C., Felix A.C., Souza N.S., Figueiredo W.M., Costa A.A., Cardoso M.R.A., Pannuti C.S.. A cohort study to assess the incidence of dengue, Brazil, 2014–2018., Acta Trop.. 2020; 204: 105313.

          [CrossRef] [PubMed]
        


        
          	[40]

          	de Almeida I.F., Lana R.M., Codeço C.T.. How heterogeneous is the dengue transmission profile in Brazil? A study in six Brazilian states., PLoS Negl. Trop. Dis.. 2022; 16(9): e0010746.

          [CrossRef] [PubMed]
        


        
          	[41]

          	Shet A., Kang G.. Dengue in India: Towards a better understanding of priorities and progress., Int. J. Infect. Dis.. 2019; 84: S1-S3.

          [CrossRef] [PubMed]
        


        
          	[42]

          	Sun W., Xue L., Xie X.. Spatial-temporal distribution of dengue and climate characteristics for two clusters in Sri Lanka from 2012 to 2016., Sci. Rep.. 2017; 7(1): 12884.

          [CrossRef] [PubMed]
        


        
          	[43]

          	Prabodanie R.A.R., Stone L., Schreider S.. Spatiotemporal patterns of dengue outbreaks in Sri Lanka., Infect. Dis.. 2020; 52(5): 350-360.

          [CrossRef] [PubMed]
        


        
          	[44]

          	Yue Y., Liu Q., Liu X., Zhao N., Yin W.. Dengue fever in mainland china, 2005–2020: A descriptive analysis of dengue cases and aedes data., Int. J. Environ. Res. Public Health. 2022; 19(7): 3910.

          [CrossRef] [PubMed]
        


        
          	[45]

          	Yue Y., Liu X., Ren D., Wu H., Liu Q.. Spatial dynamics of dengue fever in mainland china, 2019., Int. J. Environ. Res. Public Health. 2021; 18(6): 2855.

          [CrossRef] [PubMed]
        


        
          	[46]

          	Ramadona A.L., Tozan Y., Lazuardi L., Rocklöv J.. A combination of incidence data and mobility proxies from social media predicts the intra-urban spread of dengue in Yogyakarta, Indonesia., PLoS Negl. Trop. Dis.. 2019; 13(4): e0007298.

          [CrossRef] [PubMed]
        


        
          	[47]

          	Ashby J., Moreno-Madriñán M. J., Yiannoutsos C. T., Stanforth A.. Niche modeling of dengue fever using remotely sensed environmental factors and boosted regression trees., Remote Sensing. 2017; 9: 328.

          [CrossRef]
        


        
          	[48]

          	Guo P., Liu T., Zhang Q., Wang L., Xiao J., Zhang Q., Luo G., Li Z., He J., Zhang Y., Ma W.. Developing a dengue forecast model using machine learning: A case study in China., PLoS Negl. Trop. Dis.. 2017; 11(10): e0005973.

          [CrossRef] [PubMed]
        


        
          	[49]

          	Li Z., Liu T., Zhu G., Lin H., Zhang Y., He J., Deng A., Peng Z., Xiao J., Rutherford S., Xie R., Zeng W., Li X., Ma W.. Dengue baidu search index data can improve the prediction of local dengue epidemic: A case study in guangzhou, china., PLoS Negl. Trop. Dis.. 2017; 11(3): e0005354.

          [CrossRef] [PubMed]
        


        
          	[50]

          	Lwin M.O., Jayasundar K., Sheldenkar A., Wijayamuni R., Wimalaratne P., Ernst K.C., Foo S.. Lessons from the implementation of mo-buzz, a mobile pandemic surveillance system for dengue., JMIR Public Health Surveill.. 2017; 3(4): e65.

          [CrossRef] [PubMed]
        


        
          	[51]

          	Marques-Toledo C.A., Degener C.M., Vinhal L., Coelho G., Meira W., Codeço C.T., Teixeira M.M.. Dengue prediction by the web: Tweets are a useful tool for estimating and forecasting Dengue at country and city level., PLoS Negl. Trop. Dis.. 2017; 11(7): e0005729.

          [CrossRef] [PubMed]
        


        
          	[52]

          	Soman B., Valson J.S.. Spatiotemporal clustering of dengue cases in Thiruvananthapuram district, Kerala., Indian J. Public Health. 2017; 61(2): 74-80.

          [CrossRef] [PubMed]
        


        
          	[53]

          	Yang S., Kou S.C., Lu F., Brownstein J.S., Brooke N., Santillana M.. Advances in using Internet searches to track dengue., PLOS Comput. Biol.. 2017; 13(7): e1005607.

          [CrossRef] [PubMed]
        


        
          	[54]

          	Manogaran G., Lopez D.. Disease surveillance system for big climate data processing and dengue transmission., Climate Change and Environmental Concerns: Breakthroughs in Research and Practice.. IGI Global; 2018: 427-446.

          [CrossRef]
        


        
          	[55]

          	Ho H.T., Carvajal T.M., Bautista J.R., Capistrano J.D.R., Viacrusis K.M., Hernandez L.F.T., Watanabe K.. Using Google trends to examine the spatio-temporal incidence and behavioral patterns of dengue disease: A case study in metropolitan Manila, Philippines., Trop. Med. Infect. Dis.. 2018; 3(4): 118.

          [CrossRef] [PubMed]
        


        
          	[56]

          	Hussain-Alkhateeb L., Kroeger A., Olliaro P., Rocklöv J., Sewe M.O., Tejeda G., Benitez D., Gill B., Hakim S.L., Gomes Carvalho R., Bowman L., Petzold M.. Early warning and response system (EWARS) for dengue outbreaks: Recent advancements towards widespread applications in critical settings., PLoS One. 2018; 13(5): e0196811.

          [CrossRef] [PubMed]
        


        
          	[57]

          	Rizwan M., Dass S.C., Asirvadam V.S., Gill B.S., Sulaiman L.H.. DenMap: A Dengue surveillance system for Malaysia., Journal of Physics: Conference Series.. IOP Publishing; 2018: 012045.

          [CrossRef]
        


        
          	[58]

          	Villanes A., Griffiths E., Rappa M., Healey C.G.. Dengue fever surveillance in India using text mining in public media., Am. J. Trop. Med. Hyg.. 2018; 98(1): 181-191.

          [CrossRef] [PubMed]
        


        
          	[59]

          	Babu A.N., Niehaus E., Shah S., Unnithan C., Ramkumar P.S., Shah J., Binoy V.V., Soman B., Arunan M.C., Jose C.P.. Smartphone geospatial apps for dengue control, prevention, prediction, and education: MOSapp, DISapp, and the mosquito perception index (MPI)., Environ. Monit. Assess.. 2019; 191(S2) Suppl. 2: 393.

          [CrossRef] [PubMed]
        


        
          	[60]

          	Jain R., Sontisirikit S., Iamsirithaworn S., Prendinger H.. Prediction of dengue outbreaks based on disease surveillance, meteorological and socio-economic data., BMC Infect. Dis.. 2019; 19(1): 272.

          [CrossRef] [PubMed]
        


        
          	[61]

          	Lwin M.O., Sheldenkar A., Panchapakesan C., Ng J.S., Lau J., Jayasundar K., Horathalge K., Rathnayake V.S., Crawley A.W., Wimalaratne P.. Epihack Sri Lanka: Development of a mobile surveillance tool for dengue fever., BMC Med. Inform. Decis. Mak.. 2019; 19(1): 111.

          [CrossRef] [PubMed]
        


        
          	[62]

          	Ocampo C.B., Mina N.J., Echavarria M.I., Acuña M., Caballero A., Navarro A., Aguirre A., Criollo I.S., Forero F., Azuero O., Alexander N.D.. Vectos: An integrated system for monitoring risk factors associated with urban arbovirus transmission., Glob. Health Sci. Pract.. 2019; 7(1): 128-137.

          [CrossRef] [PubMed]
        


        
          	[63]

          	Zhang Y., Ibaraki M., Schwartz F.W.. Disease surveillance using online news: An extended study of dengue fever in India., Trop. Med. Health. 2019; 47(1): 58.

          [CrossRef] [PubMed]
        


        
          	[64]

          	Guo P., Zhang Q., Chen Y., Xiao J., He J., Zhang Y., Wang L., Liu T., Ma W.. An ensemble forecast model of dengue in Guangzhou, China using climate and social media surveillance data., Sci. Total Environ.. 2019; 647: 752-762.

          [CrossRef] [PubMed]
        


        
          	[65]

          	Ledien J., Souv K., Leang R., Huy R., Cousien A., Peas M., Froehlich Y., Duboz R., Ong S., Duong V., Buchy P., Dussart P., Tarantola A.. An algorithm applied to national surveillance data for the early detection of major dengue outbreaks in Cambodia., PLoS One. 2019; 14(2): e0212003.

          [CrossRef] [PubMed]
        


        
          	[66]

          	Mizzi G.. Improving Dengue Fever Surveillance With Online Data University of Warwick... 2019Available from: http://datasciencelab.co.uk/theses/Mizzi_2019.pdf
        


        
          	[67]

          	Rangarajan P., Mody S.K., Marathe M.. Forecasting dengue and influenza incidences using a sparse representation of Google trends, electronic health records, and time series data., PLOS Comput. Biol.. 2019; 15(11): e1007518.

          [CrossRef] [PubMed]
        


        
          	[68]

          	Souza R.C.S.N.P., Assunção R.M., Oliveira D.M., Neill D.B., Meira W. Jr. Where did I get dengue? Detecting spatial clusters of infection risk with social network data., Spat. Spatio-Temporal Epidemiol.. 2019; 29: 163-175.

          [CrossRef] [PubMed]
        


        
          	[69]

          	Damayanti A., Hidayati N. L., Pratiwi A. B.. Model identification for prediction of dengue fever disease spreading using Bat Algorithm and backpropagation., Journal of Physics: Conference Series. 2020: 012002.

          [CrossRef]
        


        
          	[70]

          	Faridah L., Rinawan F.R., Fauziah N., Mayasari W., Dwiartama A., Watanabe K.. Evaluation of health information system (HIS) in the surveillance of dengue in indonesia: Lessons from case in bandung, west java., Int. J. Environ. Res. Public Health. 2020; 17(5): 1795.

          [CrossRef] [PubMed]
        


        
          	[71]

          	Somboonsak P.. Development innovation to predict dengue affected area and alert people with smartphones., International journal of online and biomedical engineering. 2020; 16: 62-79.

          [CrossRef]
        


        
          	[72]

          	Amin S., Uddin M.I., Hassan S., Khan A., Nasser N., Alharbi A., Alyami H.. Recurrent neural networks with TF-IDF embedding technique for detection and classification in tweets of dengue disease., IEEE Access. 2020; 8: 131522-131533.

          [CrossRef]
        


        
          	[73]

          	Khalique F., Shaheen R., Khan S.A.. Spatio-temporal investigations of dengue fever in Pakistan through an HL7 based public health framework for hotspot analysis., IEEE Access. 2020; 8: 199980-199994.

          [CrossRef]
        


        
          	[74]

          	Faridah L., Mindra I.G.N., Putra R.E., Fauziah N., Agustian D., Natalia Y.A., Watanabe K.. Spatial and temporal analysis of hospitalized dengue patients in Bandung: Demographics and risk., Trop. Med. Health. 2021; 49(1): 44.

          [CrossRef] [PubMed]
        


        
          	[75]

          	Gulley C.T., Murphy D.E., Poe S.A., Petersen K.. A descriptive analysis of dengue in peace corps volunteers, 2000–2019., Travel Med. Infect. Dis.. 2021; 43: 102125.

          [CrossRef] [PubMed]
        


        
          	[76]

          	Herbuela V.R.D.M., Karita T., Carvajal T.M., Ho H.T., Lorena J.M.O., Regalado R.A., Sobrepeña G.D., Watanabe K.. Early detection of dengue fever outbreaks using a surveillance app (Mozzify): Cross-sectional mixed methods usability study., JMIR Public Health Surveill.. 2021; 7(3): e19034.

          [CrossRef] [PubMed]
        


        
          	[77]

          	Parikh N., Daughton A.R., Rosenberger W.E., Aberle D.J., Chitanvis M.E., Altherr F.M., Velappan N., Fairchild G., Deshpande A.. Improving detection of disease re-emergence using a web-based tool (RED alert): Design and case analysis study., JMIR Public Health Surveill.. 2021; 7(1): e24132.

          [CrossRef] [PubMed]
        


        
          	[78]

          	Provenzano S., Gianfredi V., Santangelo O.E.. Insight the data: Wikipedia’s researches and real cases of arboviruses in Italy., Public Health. 2021; 192: 21-29.

          [CrossRef] [PubMed]
        


        
          	[79]

          	Ramesh N., Thimmaiah V., Mallaiah S., Kandaswamy A.. Geographic Information System enabled dengue surveillance system in south zone, Bangalore city: A pilot study., Indian J. Community Health. 2021; 33(1): 153-160.

          [CrossRef]
        


        
          	[80]

          	Ranwala L., Wedisinghe Y., Perera S., Jayamanne D.. Real-time laboratory surveillance of Dengue antigen (NS1) - Best proposed early warning and response system for Dengue in Sri Lanka? - Results from a pilot study., Ceylon Med. J.. 2021; 66(3): 121-128.

          [CrossRef] [PubMed]
        


        
          	[81]

          	Tasnim N., Shihab M.I.H., Rahman M., Saurav J.R., Islam S.R., Amin M.R.. Observing the Unobserved: A Newspaper Based Dengue Surveillance System for the Low-Income Regions of Bangladesh, The International FLAIRS Conference Proceedings. 2021; 34[CrossRef]
        


        
          	[82]

          	Withanage G.P., Gunawardana M., Viswakula S.D., Samaraweera K., Gunawardena N.S., Hapugoda M.D.. Multivariate spatio-temporal approach to identify vulnerable localities in dengue risk areas using Geographic Information System (GIS)., Sci. Rep.. 2021; 11(1): 4080.

          [CrossRef] [PubMed]
        


        
          	[83]

          	Lin P.S.. Identification of geographic clusters for temporal heterogeneity with application to dengue surveillance., Stat. Med.. 2022; 41(1): 146-162.

          [CrossRef] [PubMed]
        


        
          	[84]

          	Al-Nefaie H., Alsultan A., Abusaris R.. Temporal and spatial patterns of dengue geographical distribution in Jeddah, Saudi Arabia., J. Infect. Public Health. 2022; 15(9): 1025-1035.

          [CrossRef] [PubMed]
        


        
          	[85]

          	Baak-Baak C.M., Cigarroa-Toledo N., Pinto-Castillo J.F., Cetina-Trejo R.C., Torres-Chable O., Blitvich B.J., Garcia-Rejon J.E.. Cluster analysis of dengue morbidity and mortality in mexico from 2007 to 2020: Implications for the probable case definition., Am. J. Trop. Med. Hyg.. 2022; 106(5): 1515-1521.

          [CrossRef] [PubMed]
        


        
          	[86]

          	Carabali M., Schmidt A.M., Restrepo B.N., Kaufman J.S.. A joint spatial marked point process model for dengue and severe dengue in Medellin, Colombia., Spat. Spatio-Temporal Epidemiol.. 2022; 41: 100495.

          [CrossRef] [PubMed]
        


        
          	[87]

          	Chang Y.C., Chiu Y.W., Chuang T.W.. Linguistic pattern–infused dual-channel bidirectional long short-term memory with attention for dengue case summary generation from the program for monitoring emerging diseases–mail database: algorithm development study., JMIR Public Health Surveill.. 2022; 8(7): e34583.

          [CrossRef] [PubMed]
        


        
          	[88]

          	Harsha G., Anish T.S., Rajaneesh A., Prasad M.K., Mathew R., Mammen P.C., Ajin R.S., Kuriakose S.L.. Dengue risk zone mapping of Thiruvananthapuram district, India: A comparison of the AHP and F-AHP methods., GeoJournal. 2022; 88(3): 2449-2470.

          [CrossRef] [PubMed]
        


        
          	[89]

          	Koplewitz G., Lu F., Clemente L., Buckee C., Santillana M.. Predicting dengue incidence leveraging internet-based data sources. A case study in 20 cities in Brazil., PLoS Negl. Trop. Dis.. 2022; 16(1): e0010071.

          [CrossRef] [PubMed]
        


        
          	[90]

          	Masrani A.S., Nik Husain N.R., Musa K.I., Yasin A.S.. Trends and spatial pattern analysis of dengue cases in northeast malaysia., J. Prev. Med. Public Health. 2022; 55(1): 80-87.

          [CrossRef] [PubMed]
        


        
          	[91]

          	Roster K., Connaughton C., Rodrigues F.A.. Machine-learning–based forecasting of dengue fever in brazilian cities using epidemiologic and meteorological variables., Am. J. Epidemiol.. 2022; 191(10): 1803-1812.

          [CrossRef] [PubMed]
        


        
          	[92]

          	Santana L.M.R., Baquero O.S., Maeda A.Y., Nogueira J.S., Chiaravalloti-Neto F.. “Spatio-temporal dynamics of dengue-related deaths and associated factors., Rev Inst Med Trop Sao Paulo. 2022; 64
        


        
          	[93]

          	Centers for Disease Control and Prevention. One Health Basics... Available from: https://www.cdc.gov/onehealth/basics/index.html (Accessed Dec. 30, 2023).
        


        
          	[94]

          	Mackenzie J.S., Jeggo M.. The one health approach—why is it so important?, Trop. Med. Infect. Dis.. 2019; 4(2): 88.

          [CrossRef] [PubMed]
        


        
          	[95]

          	Stewart Ibarra A.M., Luzadis V.A., Borbor Cordova M.J., Silva M., Ordoñez T., Beltrán Ayala E., Ryan S.J.. A social-ecological analysis of community perceptions of dengue fever and Aedes aegypti in Machala, Ecuador., BMC Public Health. 2014; 14(1): 1135.

          [CrossRef] [PubMed]
        

      
    

  


  

OEBPS/Images/e18749445283264_F4.jpg
Mapping of Studies

sapan

-
\Q‘, L i

stand
o

B TR S
N






OEBPS/Images/e18749445283264_F1.jpg
PubMed Scopus. Google Scholar
(n:1300) (n:1259) (:78)
Articles Identified Articles Identified
(0:2637) (0:2637)

Records after duplicate
removed
(n: 1689)

Records Screened
(0:51)

Records excluded (n : 1638):
Unrelated, entomological studies,
review articles, conference
proceedings,
genetics/molecular studi
dengue studies.

, non-

Full Article Accessed
for Eligibility
(n:51)

Studies Included
(n:51)






OEBPS/Images/cover.jpg
ISSN: 1874-9445

The Open
~.~Pubhclieahh

Journal

Digital Health Interventions in Dengue
Surveillance to Detect and Predict

Outbreak: A Scoping Review
-






OEBPS/Images/e18749445283264_F2.jpg
demic
g. mic er nmb:leGlS luulflustcr

correlauon

nw:uecor%rol
\dor&aParea spatial
dise






OEBPS/Images/orcid.png





OEBPS/Images/e18749445283264_F3.jpg
mGeographic Information System
mintemnet Search Engine
mMobile application

mSocial media

mGoogle trends

mBig Data

mData Mining

W Elcctronic Medical Record
W Machine Learning

 Text Mining

mWeb Application

m Wikipedia Trends

' Deskiop application






